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Purpose:We hypothesize that TNF-stimulated Gene 6 (TSG-6) activity and
hyaluronan (HA) molecular weight (MW) distribution in synovial ﬂuid (SF)
are signiﬁcantly associated with the risk of radiologic OA progression, and
total knee arthroplasty (TKA).
Methods: Baseline SF samples from the POP study (Predicting OA
Progression) were available for 143 patient-knees of the 299 SFs originally
collected. Only 65 patient knees were available for HA analysis due to the
larger volume required. Each patient-knee was scored as either positive or
negative for progression based on joint space narrowing (JSN), osteophyte
(OST) formation, or total knee arthroplasty (TKA) during a 3-year follow-
up. TSG-6 activity was quantiﬁed using a kinetic assay that measures the
rate of HC transfer to HA. HA-MW distribution was determined using
agarose gel electrophoresis, laser scanned to calculate weight average MW
(Mw), number average MW (Mn), and the weight % and number % HA
molecules below a MW of 1 million. The association between TSG-6, HA
MW distribution and OA progression were evaluated as odds ratios (OR)
using logistic regression, controlling for age, sex, BMI, baseline KL score
and baseline pain as covariates. GEE was used to correct for contralateral
knees. Correlation coefﬁcients were calculated to evaluate associations
between biomarkers and baseline pain.
Results: The143 knees analyzed for TSG-6 activity were similar for most
baseline variables to the 156 knees for which sample was not available,
other than the volume of SF collected. 60 knees (42%) were categorized as
non-progressors, 49 (34%) were OST+/JSN-, 12 (8%) were OST+/JSN+ and 11
patients (7%) had TKA. Progression status was missing for 11 patients (7%).
TSG-6 activity was signiﬁcantly associated with the odds of TKA (OR¼1.18,
p¼0.001), TKA or OST+/JSN+ (OR¼1.16, p¼0.002), or non-progression
(OST-/JSN-, OR¼0.896, p¼0.01), with correction for BMI, age, gender,
baseline pain and baseline Kelgren-Lawrence grade as covariates. HA MW
distribution parameters were likewise signiﬁcantly associated with the
risk of knee OA progression, especially those sensitive to the presence of
low MW HA. That is, Mw was not signiﬁcantly associated with OA
progression, but Mn did signiﬁcantly differentiate progressors from non-
progressors (OR¼0.37 for non-progression with higher Mn, p¼0.04). The
percent of HA molecules below a MW of 1 million was also signiﬁcantly
associated with the odds for OA progression (OR¼1.12 for weight % of
molecules below 1 million, p¼0.02, and OR¼1.04 for the number % of
molecules below 1 million, p¼0.04). All of the HA MW distribution
parameters correlated signiﬁcantly to baseline pain (correlation coefﬁcient
for Mw¼-0.35, p¼0.004, for Mn¼-0.43, p<0.001, for weight % below 1
million ¼0.39, p¼0.001, and for number % below 1 million ¼0.39,
p¼0.001).
Discussion:We here report the relationship between OA progression and
two synovial ﬂuid biomarkers, HA and TSG-6. Both provide useful infor-
mation about local inﬂammation and innate immune activity. TSG-6
expression is induced by factors implicated in the pathogenesis of OA,
including IL-1 and TNF. The only known biological activities of TSG-6 are its
hyaluronan binding capacity, and its unique ability to catalyze heavy
chains (HC) transfer from inter-alpha-inhibitor to HA, forming covalent
HA-HC adducts that have been identiﬁed in OA synovial ﬂuid. LowMWHA
is associated with inﬂammation, angiogenesis, cell division and activation
of the innate immune response. These data suggest that TSG-6 activity and
HA MW distribution are useful markers of innate immune system activity.
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QUANTITATIVE AND NON-INVASIVE DETECTION OF PROTEOGLYCAN BY
FAST FIELD-CYCLING NUCLEAR MAGNETIC RESONANCE
L.M. Broche, G.P. Ashcroft, D.J. Lurie. Sch. of Med. & Dentistry, Aberdeen,
United Kingdom
Purpose: Fast-ﬁeld cycling MRI (FFC MRI) is a new technique of magnetic
resonance imaging that allows non-invasive, contrast agent-free and
quantitative detection of certain immobile proteins. This study shows
that proteoglycans can be detected by ﬁeld-cycled NMR (FFC NMR)techniques and that the results correlate with the state of the sample
(healthy or diseased). Since protein loss occurs at early stages of osteo-
arthritis, it is expected that this technique may provide early information
on the disease
Methods: In this study we used a ﬁeld-cycling cycling NMR relaxometer
(Stelar, Italy) to acquire the R1 dispersion curves of both healthy and
osteoarthritic cartilage samples. We focused on a particular feature visible
between 0.4 and 3.5 MHz, the quadrupolar peaks, the amplitudes of which
are known to be proportional to the content of immobilised proteins.
ĂResults: The amplitude of the peaks correlated very signiﬁcantly with the
state of the samples, indicating that proteoglycans are visible with this
technique. Other signiﬁcant signals appeared, such as an overall shift of
relaxation rate, but it is not yet certain if these are speciﬁc and early
markers of the disease.
Ă
ĂAbstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S93ĂConclusions: FFC NMR techniques can detect quantitative proteoglycan-
speciﬁc contrast. This result is being developed in an ongoing FFC MRI
study to test its potential for imaging and clinical applications in the early
detection of osteoarthritis.
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TISSUE SPECIFIC MOLECULAR PATHOLOGY OF OSTEOARTHRITIS
REVEALED BY TISSUE MICROARRAY ANALYSIS
A. Opest, T. Freeman. Thomas Jefferson Univ., Philadelphia, PA, USA
Introduction: Osteoarthritis (OA) is a common musculoskeletal disease of
aging with multiple etiologies. Some factors known to increase suscepti-
bility for this disease are previous injury, genetics, female gender and
increased age and weight. Mechanical loading of the joint is also known to
inﬂuence cartilage degeneration and speciﬁcally increase subchondral
bone formation and remodeling.
Purpose: Previously, using microCT technology our lab investigated differ-
ences in trabecular bone remodeling between non-lesion lateral femoral
condyle (good cartilage) and lesion medial condyle (no cartilage) sub-
chondral bone and found the patient samples could be divided into two
distinct populations. One group exhibited increased bone volume/total
volume (BV/TV) between the two condyles and the other group showed
a decrease or no change in BV/TV. Based on these ﬁndings, we hypothesized
that differences in subchondral bone trabecular remodeling represent
distinct OA subpopulations exhibiting different molecular pathologies.
Methods: To further investigate this, we created a tissuemicroarray from joint
tissue samples of ﬁfteen patients from our previous study. We divided the
patients into twogroups; onegroupof eightexhibited increasedBV/TVand the
other group of seven showed decreased or no change in BV/TV. The array
included seven tissue types from the joint regions of each patient on the
microarray: lesion, non-lesion and peri-lesional cartilage, lesion and non-
lesionbone samples anda synovial sample. These tissue coreswereattached to
achargedmicroscopeslideandsubjected to immunohistochemical staining for
eight proteins known to be associated with cartilage and bone OA.
Methods: Continued: The results of the immunostaining were imaged and
analyzed densitometrically using a semi-automated macro to assess the
presence and quantity of each protein in each tissue type creating
a quantitative protein localization proﬁle for the tissues of theosteoarthritic joint. The data was then subjected to statistical analysis,
including correlation and principal component analysis, on both the total
patient population and each separate group for each tissue type
individually.
Results: Our results show signiﬁcantly different protein localization and
quantity between each tissue type and between the two groups. Addi-
tionally, this analysis identiﬁes a speciﬁc protein proﬁle which may have
implications for differentially identifying early and late disease protein
patterns and differences between the two subgroups of subchondral
trabecular bone remodeling. Conclusion: Our data shows distinct molec-
ular proﬁles in tissues categoized by subchondral bone changes. Our hope
is that this data will lead to the identiﬁcation of speciﬁc molecular pah-
ways associated with a bone phenotype will lead to biomarkers and
potential drug targets for OA.
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LOW SERUM CONCENTRATIONS OF SERUM VEGF-R2 IN ELDERLY
FEMALES WITH THUMB BASE OSTEOARTHRITIS: THE AGES-REYKJAVIK
STUDY.
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L. Franzson 1, A.M. Hauksdottir 2, T.B. Harris 5, L. Lenore Launer 5,
V. Gudnason 2,6. 1 Landspitalinn, Univ. of Iceland, Reykjavik, ICELAND;
2 Icelandic Heart Association, Kopavogur, Iceland; 3Uiversity of Iceland,
Reykjavik, ICELAND; 4Univ. of Tartu, Tartu, Estonia; 5Natl. Inst. on Aging,
Bethesda, MD; 6Univ. of Iceland, Reykjavik, Iceland
Purpose: Angiogenic factors are being implicated in the pathological
process of osteoarthritis. VEGF-R2 is expressed during cartilage growth,
ligament repair andmay also affect chondrocyte functions. In this studywe
analyzed serum concentrations of the VEGF-R2 receptor in elderly females
with different burden of hand and knee osteoarthritis.
Methods: From female participants in AGES-Reykjavik Study we selected 3
groups of 40 on the basis of osteoarthritis severity. First we selected at
random 40 females with both severe hand osteoarthritis and total knee
replacement (TKR) due to OA (group III). Thenwe selected 40 subjects with
severe hand OA but noTKR (Group II) and 40with neither hand OA nor TKR
(Group I). Groups I and II were age matched with and within the same BMI
range as group III, but BMI was highest in group III (mean BMI 29 vs 27,2 in
groups I and II). Mean agewas 77 5. Thumb base OAwas present in 55% in
group II and 68% of group III. Serum concentrations of VEGF-R2 were
measured by ELISA (Quantikine,R&D Systems).
Results: Results were adjusted for BMI. There was a signiﬁcant negative
association between the three severity groups and S-VEGF-R2 (p<0,05).
Subjects with TKR had lower concentrations compared with the others
(p<0,05). Regarding hand OA subjects they had a higher prevalence of low
(lowest quintile) VEGF-R2 (p<0,01) compared with the other groups. This
was most apparent for subjects with thumb base OA (Figure, p<0,0002).
Conclusions: Serum concentrations of VEGF-R2 in elderly Icelandic
females have a weak negative association with the burden of hand and
knee osteoarthritis. Low concentrations are strongly associated with the
